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(54) Method and apparatus for detecting skew and asymmetry of an airplane flap 



(57) An accurate and compact flap skew detection 
system that operates independent of the flap-drive sys- 
tem comprises, in a preferred embodiment, three major 
elements; a rotary position sensor (30) located on fixed 
wing structure; a push-pull link and crank arm (27) to 
convert translational flap (6) motion into rotary sensed 
motion at the sensor (30); and a computer processing 



means to process the rotational sensed information and 
to compute a flap skew algorithm. Inter-flap and intra- 
flap translational motion is sensed and compared us rig 
a plurality of rotary sensors. Sensors falling outside of 
predetermined limits or violating control law rules indi- 
cate a non -synchronous or asymmetrical "skewed 0 con- 
dition. 



FIG06 
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Description 

REFERENCE TO RELATED APPLICATION 

[0001] The present application claims the benefit ol 5 
U.S. Provisional Application 607069,663, fifed Decem- 
ber 12, 1997, which is incorporated herein by reference. 

FIELD OF THE INVENTION 

10 

[0002] This invention generally relates to a system 
and apparatus for detecting and signaling the presence 
of an undesired misalignment of one or more of several 
aligned elements, and more particularly, to a system tor 
monitoring the alignment of a series of adjacent slats or '£ 
flaps on an aircraft wing. 

BACKGROUND OF THE INVENTION 

[0003] High lift devices for aircraft wings are some- so 
times referred to as auxiliary airfoils. Such devices or 
airfoils are extended from the leading or trailing edges 
of the wing to increase aerodynamic lift during takeoff 
and landing of the aircraft. When extended from the 
wing, the high lift devices increase the effective size, & 
curvature, camber and area of the wing, thereby in- 
creasing the lift of the wing for slow speed flight High 
lift devices extending from the leading edge of the wing 
are usually known as slats and those extending from the 
trailing edge of the wing are known as flaps. 
[0004] Normally, each high lift device is deployed by 
two separate but coordinated drive mechanisms, one on 
the inboard side and the other on the outboard side of 
the high lift device. Should one ol these mechanisms be 
unable to perform its function, a skewing ol the high lift as 
device may occur and jamming or loss of the high lift 
device may result. 

[0005] The majority of modem airplane high lift drive 
systems use actuation methods where ail flap drive sys- 
tem elements are driven in synchronization. Because of 
the tight mechanical coupling of the elements, any ele- 
ment losing synchronization with the rest of the system 
may cause a mechanical failure and, more importantly, 
the possibility of a skewed flap, i.e., a high lift flight con- 
trol surface that is in an asymmetrical position. Unde- « 
tec ted skewed flaps are a cause for concern due to the 
possibility of unpredictable airplane handling character- 
istics. Recent airplane certification requirements have 
reacted to this concern by mandating the incorporation 
of flap skew detection systems in new airplane designs. *> 
A problem in designing such a system is that there will 
always be the relatively smaller skewing movements 
caused by normal structural deflections, dynamics of the 
aircraft and temperature changes thai would not ad- 
versely affect airplane handling characteristics but could « 
confuse such a detection system. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIGURE 1 is a plan viewfrom above an aircraft 
showing the location of the flaps and flap tracks on the 
left wing; right wing is symmetrical. 
[0007] FIGURE 2 is a perspective view of an embod- 
iment of an aircraft showing location and operating po- 
sition of high lift surfaces. 

[0008] FIGURE 3 is a schematic of an embodiment of 
a trailing edge mechanical drive system. 
[0009] FIGURE 4 is a detailed cross-sectional view of 
one of the eight trailing edge flap actuation and support 
installations of a preferred embodiment, taken along line 
C-C of Figure 3. 

[0010] FIGURE 5A, 5B and 5C are schematic cross- 
sectional views of a wing showing flaps and slats in var- 
ious positions. 

[001 1] FIGURE 6 Is a perspective view of a preferred 
embodiment of the invention with the flaps retracted, or 
cruise, position, taken along line A-A of Figure 1 . 
[001 2] FIGURE 7 is a perspective view of a preferred 
embodiment of the invention with the flaps extended, or 
landing, position, taken along line A-A of Figure 1 . 
[0013] FIGURE 8 is a schematic of the flap skew de- 
tection and shutdown system of a preferred embodi- 
ment. 

[001 4] FIGURE 9 is a view taken along line B-B of Fig- 
ure 1. 

SUMMARY OF THE INVENTION 

[001 5] The invention provides a system to accurately 
delect skewing or loss of high lift devices. In a preferred 
embodiment, the invention provides improved detection 
and actuation devices that will accurately detect skewed 
or lost high lift surfaces, to warn the air crew of degraded 
aircraft performance, and to shut down the high lift drive 
system to prevent the possibility of further aircraft dam- 
age. In a preferred embodiment, the system comprises 
three major elements: a rotary position sensor located 
on fixed wing structure; a push-pull link and crank arm 
to convert translations flap motion into rotary motion 
sensed at the sensor; and a computer processing 
means to process the sensed rotational information and 
compute a flap skew algorithm. In the preferred embod- 
iment, inter-flap and tntra-flap transitional motion is 
sensed and compared using a plurality of rotary sen- 
sors. Sensors falling outside of expected or predeter- 
mined I rn its or violating control law rules indicate a non- 
synchronous or asymmetrical "skewed" condition. 
[0016] The crank assembly of a preferred embodi- 
ment includes means for supporting the rotary sensor, 
a means for supporting the crank, a means for transmit- 
ting crank rotation to the rotary sensor, means for pro- 
viding an index for adjusting the length of the link as- 
sembly, means for indexing the sensor to its proper input 
angle. The link assembly Includes means for converting 
flap carriage motion into crank rotation, and. means for 
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adjustment of the crank angle, and thus the sensor input 
angle, at the rig position. (This insures that sensor out- 
puts will be balanced during normal operation). The ro- 
tary analog sensor includes means lor converting rotary 
motion ol the crank assembly into a voltage signal, 
which varies predictably with crank angle. A Flap/Slat 
Electronics Unit (FSEU) includes means for comparing 
sensor output voltages, means for providing a signal to 
stop the drive system movement in the event that the 
sensor voltage deviates Irom a predetermined value, 
and means for providing an indication to the pilot that a 
flap skew has occurred. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] With reference to Figures 1 and 2, an aircraft 
1 has wings 2, each with wing provided with high lift de- 
vices in the form of leading edge slats 3a, 3b, 3c, 3d and 
trail ing edge flaps 4a, 4b. As can be best seen in Figures 
3 and 4, a trailing edge flap mechanism may include a 
main flap 6 and an aft flap 9. The illustrated aircraft em- 
bodiment also has leading edge flaps 5. For purposes 
of illustration in the description below, reference will 
sometimes be made to flaps alone or slats alone. It will 
be understood that the inventive concept is applicable 
to any auxiliary airfoil device. 

[001 8] Figu res 5 A, 5B and 5C schematically show the 
various positions of the auxiliary airfoil elements {I.e., 
flaps and slats) in various flight modes. In cruise mods, 
the flats and slats are retracted as shown in Figure 5A. 
in takeoff position, the flaps and slats are in an extended 
position, as shown in Figure 5B. In landing position, slats 
and leading edge flaps 5 are in an extended position, 
and trailing edge flaps 4a, 4b are in a fully extended po- 
sition. 

[0019] With reference to Figures 3, 5, 6, 7 and 8, dur- 
ing normal operations, the pilot commands flap position 
via flap lever in cockpit The flap lever position com- 
mands a power drive unit 7 to extend or retract flaps 4a, 
4b. A control valve on the power drive un it ports hydrau- 
lic fluid to the motor which, via a gearbox 6, rotates 
shafts 1 0 along the wing trailing edge (in the illustrated 
embodiment) to eight transmissions 12 (two per flap). 
Each transmission 12 powers a ball screw 14. As the 
ballscrew 1 4 rotates, the ballnut 1 6 translates along the 
ballscrew 1 4. A gimbaJ 1 8 supports the ballnut 1 6 on the 
flap carriage 20, and thus causes the flap carriage 20 to 
move with the bal hut 16. Each carriage 20 is supported 
by a flap track 22, which is attached to the wing 2. Two 
carriages 20 support each flap. As the carriages 20 
move along the flap track 22, the flap extends or retracts 
in accordance with the pilots command. 
[0020] Referring now to Figures 6, 7 and 9, in a pre- 
ferred embodiment, an apparatus for sensing positions 
of the auxiliary airfoil elements incluctesa link 26; acrank 
assembly 27 with its crank 28 attached to the link 26; a 
rotary sensor 30 attached to the housing 32 of the crank 
assembly 27; and a flap/slat electrical unit (FSEU) 34 



(sea, e.g., Figure 8). In this embodrnent, the crank as- 
sembly 27 responds to motion of the link 28, and the 
crank assembly 27 transmits a rotary response to the 
rotary sensor 30. In one embodiment, the airfoil ele- 
5 ments are attached to the flap carriage track 22, and the 
link 28 provides means for converting flap carriage mo- 
tion into rotary motion. 

[0021] In a preferred embodiment, one skew sensor 
is installed at each trailing edge ballscrew drive. The 
10 sensor 30 is driven by a crank and linkage assembly 
which is driven by the carriage 20. Position is sensed by 
a rotary sensor, as described in greater detail below. The 
sensor 30 has internal gearing to magnify the input to 
the synchro. 

'5 [0Q22] Motion of the flap carriage 20, along the flap 
track 22, is transmitted to the crank assembly 27, via the 
link 26. The sensor 30 receives rotary input from the 
crank assembly 27, and produces an analog voltage sig- 
nal wh ich varies predictably with crank angle. Wires car- 

20 ry the voltage signal from each of the eight sensors 30 
to the FSEU electronic control box 34, where the voltage 
signals are compared (see Figure 8). During normal op- 
eration, differences between voltage signals is quite low. 
If, however, there is a failure at any one of the eight flap 

25 supports that resu Its in the carriage being out of position 
relative to the others, the corresponding sensor output 
signal will be higher or lower than expected. When that 
signal difference exceeds a predetermined level, the 
electronic control box 34 will send a signal to close the 

30 shutoff valve 35, thus stopping the power drive unit 7 
from driving the system any farther. This prevents the 
drive system from damaging the flap or from creating a 
greater asymmetric lift condition. In addition, the elec- 
tronic control box 34 6 ends a signal to the cockpit indi- 

3s cator 37, alerting the pilot of the malfunction and drive 
shut-down. 

[0023] The trailing edge skew protection f unction pro- 
tects against failures downstream of the flap torque tube 
36 (/.a, angle gearboxes, flap transmission, u-joints, 

40 and ballscrews), as best seen in Figure 3. Shutdown 
protection is provided in normal mode by the Flap/Slat 
Electronics Unit 34, and the trailing edge bypass valve. 
No protection is provided in alternate mode because 
skewed deployment in alternate mode requires two fail- 

45 ures (one failure that disables normal mode and one fail- 
ure that causes the skew). Indication of skewed deploy- 
ment is continuously available. 
[0024] The FSEU 34 reads a sensor 30 at each trail ing 
edge ballscrew 14. Skew is preferably computed by 
comparing symmetric sensors (position 1 is compared 
with position 8, 2 with 7, etc.), instead of comparing the 
two sensors on a flap panel. This simplifies the control 
law, because symmetric pairs have identical kinematics. 
The trailing edge bypass valve is commanded to the by- 

£5 passed position, thereby shutting off the trailing edge 
drive system, when skewed deployment is detected by 
the FSEU. TTie trip thresholds and time delays are sized 
to prevent the skew from exceeding a structural require- 
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menl of 1 4 percent of full stroke in the illustrated embod- 
iment. Preferably, the FSEU latches a skew event after 
2.0 seconds. A latched event preferably can not be reset 
in-flight. 

[0025] While the invention has been described by way * 
of exemplary embodiments, the claims are not limited 
to the embodiment described herein. Equivalent devic- 
es or steps may be substituted for those described, and 
ope rate according to the principles of the present hven- 
t ion and fall within the scope of the claims. The inventive 10 
concept has been described with reference to trailing 
edge flaps, for purposes of illustration. It will be under- 
stood that the concept is likewise applicable to slats, and 
to arrangements and configurations of slats and flaps 
that differ from the illustrative embodiment 



Claims 

1. An apparatus for sensing position of a plurality of 20 
auxiliary airfoil elements on an aircraft wing, com- 
prising: 

plurality of links; 

2S 

a plurality of crank assemblies, each having a 
housing and a crank attached to one of said 
links; and 

a plurality of rotary sensors, each attached to 30 
the housing of one of said crank assemblies; 

wherein each of said crank assemblies re- 
sponds to motion of the corresponding one of said 
links, and said crank assembly transmits a rotary & 
response to said rotary sensor. 

2. The apparatus of claim 1 further comprising a unit 
which receives outputs from at least two of said plu- 
rality of said rotary sensors and compares said out- 
puts. 

3. The apparatus of claim 2 wherein each of said airfoil 
elements are attached to a carriage track, and said 
links provides means for converting flap carriage 45 
motion into rotary motion. 

4. The apparatus of claim 2 wherein each of said links 
is attached to a corresponding one of said crank as- 
semblies and each of said crank assemblies pro- 60 
vides means for supporting one of said plurality of 
rotary sensors. 

5. The apparatus of claim 2 wherein each of said cran k 
assemblies is attached to a flap track and one of ss 
said plurality of rotary sensors is attached to each 

of said crank assemblies. 
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